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Abstract 
A new miniature C-band SAR onboard an unmanned aerial vehicle (U  AV ) has been developed at the Multimedia 
University ( MMU), Malaysia. Its major components include a microstrip antenna, a C-band RF transceiver, an 
onboard SAR recording and processing unit, and an embedded motion sensing system. The overall dimension of 
the system is approximately 1 ft3, with total weight of 12 kg, thus suitable for a small UAV operation. This paper 
highlights the design, development and field measurement of the UAVSAR system. 
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1. Introduction 
Radar is a common tool used in many applications such as 
imaging, missile guidance, remote sensing and global 
positioning (1]. The Synthetic Aperture Radar (SAR) was 
first proposed by Carl Wtley in 1951 [2] which described the 
use of Doppler frequency analysis to improve radar image 
resolution. SAR has been proven to be very useful over wide 
ranges of applications, including high resolution geological 
and topological mapping, snow monitoring, military 
surveillance, and classification of earth terrain [3]-(4]. 
An Unmanned Aerial Vehicle (UAV) is an aircraft that is 
capable of operating without the presence of pilot or crew in 
the aircraft's cabin. It can be found extensively in the area of 
reconnaissance and surveillance as well as military purposes 
[5]. In recent years, UAV has become an alternative platform 
for Synthetic Aperture Radar (SAR). As compared to 
conventional airborne or space-borne SAR systems, 
U AV-based SAR system has lower operation cost, lower risk, 
and suitable for in-situ measurement where frequent revisit is 
required. The potential of UAVSAR in a diverse range of 
applications has led to the development of a number of 
UAVSAR systems [6]-(12]. 
In 2010, an experimental U AV SAR had been developed 
by the Multimedia University (MMU), under the 
collaboration with the Malaysian Remote Sensing Agency 
( ARSM) [13]. The platform used is a small UAV with 
allowable payload less than 25 kg and working space less 
than 1 ft3• 
2. System Overview 
The specifications of the MMU UAVSAR system are 
summarized in Table 1. This SAR sensor operates at 5.3 
GHz with moderate chirp bandwidth of 80 MHz. 
VV-polarization is chosen since it is sensitive to the 
vegetation's vertical canopy structure, and thus allowing crop 
type and growth stage discrimination. The backscattering 
data is collected in stripmap mode with nominal incidence 
angle of 30 degree. It can produce SAR imagery of all 
classes of terrain with backscattering coefficient between 0 
and -30dB. The nominal speed and altitude of the U AV is 30 
mis and 1 CXX) m, respectively. 
Due to the limited payload capacity of the UAV, the SAR 
sensor must be very compact and small in size. Most of the 
subsystems are custom-built since there is no room to mount 
standard instruments such as signal generator and 
workstation onto the U AV platform. Figure 1 shows the 
overall arrangement of various subsystems housed in a 
three-layer chassis. Its total weight is approximately 12 kg. 
Tobie 1 MMUUAVSAR's Sµrificat:ions 
System Parameters Specifications 
Mode of Operation Stripmap 
Operating Frequency 5.3 GHz (C-band) 
Bandwidth 80MHz 
Polarization Single, VV 
Spatial Resolution 3mx3m 
Nominal Platform Speed 30m/s 
Nominal Platform Height HXX)m 
Payload Weight <25kg 
Allowable Worlcing Space 12" (L) X 9" (W) X 12" (H) 
} SAR Proce&5or 
} Digital Electronics 
} RF Subsystem 
Fig.I The MMU UAVSAR Sensor 
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3. Subsystem Design 
3.1. Antenna Design 
Based on the specifications above, a lightweight, small 
size, linearly polarised microstrip array antenna panel is 
required. The centre frequency for the antenna array is set at 
5.3 GHz, with SWR less than 2. The directive gain of the 
panel is more than 25dBi for good detection in the presence 
of noise. Fig. 2 shows the typical slant range geometry of the 
UAVSAR. 
Fig.2 Slant Range Geometry 
Th azimuth array is designed with 16 elements spaced 44 
mm apart [14]. The 3 dB beamwidth is about 4°. No 
amplitude variation is planned in the azimuth plane, thus 
power will be uniformly fed resulting in a sharp pencil beam . 
The final antenna prototype is shown in Fig.3 and the 
three-dimensional radiation pattern of the array i given in 
Fig.4. 
Fig3 The UAVSAR Antenna Prototype 
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Fig.4 The 3D Radiation Pattern of the SAR Antenna 
3.2. RF Subsystem Design 
As shown in Fig.5, the RF subsystem consists of a 
transmitter and a receiver. The main functions of the RF 
transmitter are to up-convert and amplify the incoming 
baseband IQ signals to an appropriate level suitable for long 
distance transmission. The desired chirp signals (IQ) are 
generated using FPGA-based DDS architecture [15]. These 
signals are fed into the RF subsystem. Dual antenna system 
is employed in this design to provide high isolation between 
the transmitter and the receiver. The received echoes are 
further amplified and down-converted to baseband IQ 
signals, which will then be fed to a dual-channel high speed 
ADC. 
Fig.5 RF Transceiver Design 
3.3. Embedded UAVSAR Recording and Processing Unit 
Fig. 6 shows the general flow of the embedded UAVSAR 
data recording and processing unit. The raw data is acquired 
using a high speed 12-bit dual channel analog-to-digital 
converter (ADC) with data rate of 7 .5 Mbps. The digitized 
raw data are stored in a solid-state drive and a copy of it will 
be sent to the onboard SAR processor. The onboard SAR 
processor is implemented using an embedded high 
performance computer [16]. Range-doppler algorithm is 
employed for real-time imaging, while omega-k algorithm is 
u ed for high-resolution image formation. 
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Fig.6 Overview of the U AV SAR Recording and Processing 
3.4. Embedded Motion Sensing Unit 
The embedded motion sensing unit consists of two main 
components namely the Inertial Measurement unit (IMU) 
and the Global Positioning System (GPS) receiver. The 
integrated IMU-GPS system provides all the necessary 
motion data ( such as platform speed, acceleration, 
yaw-pitch-roll angles) in real-time for precise motion sensing. 
Fig.7 shows the embedded motion sensing unit with built-in 
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IMU and GPS receiver. A 8-bit microcontroller is used to 
read and transfer both the IMU and GPS data to a single 
board computer for recording and further processing. 
Fig.7 The Embedded Motion Sensing Unit 
4. SAR Experiments and Preliminary Flight Tests 
In order to verify the performance of the SAR system 
before the U AV flight mission, a series of ground 
experiments has been conducted. Fig.8 shows the 
measurement setup where the SAR system was mounted 
onto a truck. The truck was then travelled at a constant speed 
for approximately 1 km to perform SAR imaging. The 
processed SAR image is shown in Fig.9. It is clearly shown 
that multiple strong targets are observed at distance more 
than 1.2km. 
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Fig.8 Ground-based SAR Experiment 
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Fig.9 SAR Image of a Ground Test Site 
Finally, the SAR sensor was installed into a small UAV for 
flight test. As shown in Fig.IO, the allowable working space 
is a small opening of approximately 12" (L) x 9"(W) x 12" 
(H). The SAR antenna was mounted underneath the UAV's 
fuselage as illustrated in Fig. I 1. 
Fig.10 Installing SAR Sensor into U AV 
Fig.11 SAR Antenna Mounted Underneath the Fuselage 
A sample of the SAR images captured on December 2010 
is presented in Fig.12, with comparison to the Google Earth 
map of the same site. Clear signatures of river, roads, urban 
and vegetated areas are observed. 
Fig.12 A Sample of SAR Image Taken at Mersing Test Site, 
Johor, Malaysia on December 2010 
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5.Summary 
A new miniature C-band SAR onboard an unmanned 
aerial vehicle (UAV) has been successfully developed at the 
Multimedia University (MMU), Malaysia. It will be used for 
remote sensing and surveillance applications in near future. 
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